Objectives To evaluate if material thickness can influence the L*a*b* coordinates and translucency of different composite shades. Materials and methods Twelve composite disc specimens made of three different resin composite materials (dentin A2, Essentia, GC; body shade A2, Brillant Everglow, Coltene-Whaledent; enamel skin neutral, Inspiro, Edelweiss DR) and of three different thicknesses 0.5, 1.0, and 1.5 mm were readied. L*a*b* coordinates of the 118 specimens were assessed by a calibrated reflectance spectrophotometer over a black as well as a white background. Results Over the black background, median ΔE00 values varied from 0.7 (Brilliant Everglow) to 1.5 (Inspiro SN) for 0.5-mm composite thickness (intrinsic color variation) and from 3.2 (Essentia) to 7.5 (Inspiro SN) for 1.0 mm, respectively 6.1 (Essentia) to 11.1 (Inspiro SN) for 1.5-mm composite thickness (color variation related to thickness). Over the white background, median ΔE00 values varied from 0.6 (Essentia) to 1.6 (Inspiro SN) for 0.5-mm composite thickness and from 2.9 (Inspiro SN) to 4.3 (Essentia) for 1.0 mm, respectively 4.9 (Inspiro SN) to 7.0 (Essentia) for 1.5-mm composite thickness.
Introduction
Resin composite materials are widely used today in general practice and a large number of dentists worldwide trust them for numerous restorative applications in the smile frame. The esthetic results which can be achieved in routine are, in fact, largely satisfying both for dentists and patients. They also allow a substantial economy in terms of tooth substance if compared to amalgams and they are much cheaper than a conventional prosthetic based approach which require longer chair time sessions and, sometimes, expensive dental technicians intervention. Specifically, in the front area and especially for small class IV or conventional class III cavities, the utilization of free-hand bonded restorations has become the Bgolden standard^.
However, the use of composite can still present difficulties such as unsatisfactory esthetic outcomes mainly due to an insufficient color match with neighboring teeth or with the tooth structure surrounding the restoration. This is why proper color selection and layering technique are key points to success. Numerous layering concepts have actually been developed which make use of different opacity and color gradients, resulting in various number of layers used tentatively to match the tooth shade [1] [2] [3] [4] . In consideration of the variability in the specific optical properties of these many composite shades, no study so far investigated the possible influence of resin composite's thickness on the color of each layer or the final restoration as a whole. Particularly there is a lack in information concerning a possible impact on the restoration esthetic outcome when different thicknesses of dentin, body, and enamel composite shades are employed.
The aim of this Bin vitro^study is therefore to test if thickness of resin composite samples made of different shades (dentin, body, and achromatic enamel shades) can influence their L*a*b* coordinates and translucency. The working hypothesis is that thickness of resin composite materials do not influence L*a*b* coordinates and translucency of different composite materials.
Materials and methods
A total of 118 samples were readied for this in vitro study. Specifically, twelve 10-mm diameter disc were shaped with one enamel (SN Inspiro Edelweiss DR), one body shade (A2B2 Brillant Everglow Coltene-Whaledent), and one dentin shade (MD Essentia GC). Each resin composite material was readied in three different thickness 0.5, 1.0, and 1.5 mm (± 0.05 mm) ( Table 1 ) and maintained in an incubator (INP-500, Memmert GmbH) at 37°C for 1 week.
All specimens were obtained by pressing a small quantity of resin composite between two glass slides to the thickness of 0.5, 1.0, and 1.5 mm for each one of the tested materials. Composite resin samples were light cured for 20 s at a distance of 1 mm with a LED curing device (Valo, Ultradent, South Jordan, USA) used in Bstandard mode^with a power density of > 1000 mW/cm 2 (checked by LED Demetron radiometer 910726, Kerr Corporation Middleton, USA). L*a*b* coordinates of the 108 specimens were assessed by a calibrated reflectance spectrophotometer (SpectroShade, MHT Handy Dental Type 713000, Serial No. HDL0090, MHT, Arbizzano di Negar, Verona, Italy) over a black as well as a white background.
Color differences were expressed according to the following, classical CIEDE 2000 (ΔE00) formula:
Transparency (TP) was calculated according to the following formula:
where the subscript B refers to the color coordinates of specimens over the black background and the subscript W refers to those measurements over the white background. ΔE00 values were calculated as color difference between the median of each resin composite material at 0.5-mm thickness and individual L*a*b* values at the same thickness (color variation within the same material) and also individual L*a*b* values at 1.0-and 1.5-mm thickness (color variations in-between differences thicknesses of the same material). These calculations were repeated for all measurements made over a black as well as a white background.
A statistical analysis of the results was carried out by means of repeated measures ANOVA (normality assumptions tested by the Kolmogorov-Smirnov test checked), followed by Fisher LSD post hoc test.
Results
When analyzed over a black background, median ΔE00 values varied from 0.7 (Brilliant Everglow) to 1.5 (Inspiro SN) for 0.5-mm composite thickness, from 3.2 (Essentia) to 7.5 (Inspiro SN) for 1.0-mm composite thickness and from 6.1 (Essentia) to 11.1 (Inspiro SN) for 1.5 composite thickness.
When analyzed over a white background, median ΔE00 values varied from 0.6 (Essentia) to 1.6 (Inspiro SN) for 0.5-mm composite thickness, from 2.9 (Inspiro SN) to 4.3 (Essentia) for 1.0-mm composite thickness and from 4.9 (Inspiro SN) to 7.0 (Essentia) for 1.5 composite thickness.
Transparency varied from 25.2% (Essentia) to 34.6% (Inspiro SN) for 0.5-mm composite thickness, from 20.3% All results with statistical analysis and groupings are illustrated in details in Tables 2 and 3 .
Discussion
This in vitro study was carried out in order to test the possible effect of resin composite thickness on color coordinates. The choice of using a spectrophotometer to measure colors was done to avoid all bias due to human eyes evaluation and in accordance with precedent studies [5] [6] [7] and the utilization of a black and a white background was aimed to mimic specific clinical situations. Black background better simulates clinical situation of anterior partial crown fracture or class IV restorations, where no tooth substance remain, while white background better simulates clinical situation of veneers and class III or V where a residual tooth substance is still present [8] .
The choice of three different composite materials resulted from the need to use and test specific opacity and color gradients which could not be found in one single restorative system; then, one dentin shade, one body shade, and one achromatic enamel from three brands and companies were selected for this study [1] . We wanted, in fact, to investigate if color variation and transparency varied independently of the composite's transparency. Furthermore, adhesive restorations can be performed only by means of dentin (class V), body (class I or II), or enamel (chipping or small class III).
Concerning the color differences calculation, several methods can be used: our choice fell on the CIEDE 2000 (ΔE00) which was considered in literature to be the most adequate in respect to human eyes color perception [9] . Moreover, its cutoff color limit of 1.8 for not acceptable differences and its detection level set at 0.8 (ΔE00) [10] are smaller than the ones proposed by the classical ΔE [11, 12] . These values represent where 50% of observers think that color differences are, respectively, disturbing or detectable [9] .
Concerning data interpretation, ΔE00 at 0.5 mm represent the composite variability within the same thickness while ΔE00 at 1.0 and 1.5 mm represent the color variation due to thickness increase. This kind of analysis was carried out in order to check if thickness of resin composite samples can influence their L*a*b* coordinates and their translucency.
Essentia® and Brillant Everglow® had the smallest ΔE00 increment if faced to Inspiro® when compared with the 0.5 mm median L*a*b* centroid values of each resin composite material backed by black background. On the other hand, when the white background is considered, Inspiro® had the smallest statistical increment. This behavior is easily explainable by his higher transparency, that is why L*a*b* values are highly influenced by the background employed.
A similar trend was found elsewhere [13, 14] with composite of different transparency.
The higher ΔE00 values recorded by Inspiro® at 0.5 mm, witnessed a higher dispersion, maybe due to some micro- defects within the samples related to the molding of a high viscosity material. They could be due to some imperfections in material maybe due to the fact that the batch number employed was at the beginning of the material production. The same trend was find even in a precedent study [13] with a batch number close to the one used in this in vitro investigation.
It is interesting to notice that at each increment the ΔE00 changes are all classified as disturbing color differences for human eyes, independently of the background considered. This fact has to be considered as highly clinical relevant and highlights the importance of resin composite thickness on color. Moreover, even the variance at 0.5 mm of Essentia® and Inspiro® (when considered over a black background) and Brillant Everglow (when considered over a white background) are clinically detectable, even if not disturbing. This means that independently of the stratification technique employed, esthetic results can be not predictive.
Inspiro® was, statistically, the most transparent composite followed by Brillant Everglow® and Essentia® independently of the thickness considered. This characteristic can be clinical relevant and, especially in front teeth, have to be considered in case of free hand bonded restoration. The difference in transparence can, in fact, highly affect the final outcome. Specifically, in class IV, a thicker than due layer of a too translucent enamel can give the restoration an unpleasant grayish aspect. On the other hand, it allows the creation of nice transparency whenever necessary. A wise balance of enamel transparency and dentin opacity can be one of the clinical keys for esthetic success [15] [16] [17] .
In this paper, a double discussion based on statistic and ΔE00 differences have been proposed. Statistics represent, so far, the Bstate of the art^based discussion but ΔE00 values tell us if these differences are perceivable by human eyes or are just merely mathematics thus without any clinical influence. This last aspect is, thus, the most relevant in clinics, due to his esthetic implications.
Some general limitation must be considered due to the nature of the study: a higher number of resin composite materials and different thickness should be analyzed. Further in vivo studies are thus recommended in order to confirm or reject the here obtained results.
Conclusions
Within the limitations of this study, the thickness of composite samples significantly influenced their L*a*b* and translucency. The working hypothesis stating that thickness of resin composite materials do not influence L*a*b* coordinates and translucency of the material itself has, therefore, to be rejected.
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